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An ozone based bleaching method for bleaching lignocellulosic materials comprising 
a bleaching sequence of at least four sequential stages, said stages including an 
oxidative treatment stage, an alkaline extraction stage, an activated ozone bleaching 
stage, and a final bleaching stage to produce a pulp of desired final brightness. The 
activated ozone bleaching stage comprises the addition of an ethanol/DMSO mixture 
to the pulp prior to the ozone reaction. 
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1. -#^^^*^f^^:##^^r^-, t&teTM-frm.: 
b) ii.i±^^^hiS^^.Tg^.4t, VX^$L%>fofe&& (a) 

d) ii.it— £>h>£6x.g:*tJ£4t £l jl^l ( c ) GOifcig., j^^^J 
i&ijiijMfc&^fUfcJu 

3. *L^J^-^2^^r*, #t#3fc ( c) t 
^^it*L^., pH^it^'J 1.5- 5 tfjfcn 

Zj«f-/DMSO 0. 01% - ^ 20% 0. 01% - 

^ 8%DMS0 ( >*^.£*f^-f-*-H-) . 

5. *U»JJ^4 tf^r*, ^-t^^^/DMSO 3fc^4friil#$ 5% - ^ 10 
% 2% - ^ 4%DMS0£l& ( v*$*.&tf%.1-fit ) . 

Sfr^&fL^, 0. 1% - ^ 1.0% ( «i*uJt*f#^**f-> . 

*^J*^^^^ 0.3% - ^ 0. 6%( «M.4t*f ^-T-tit )• 

#JKi±#ifcjfc^;frM&, %%\"klLfy^ : fr&.$L> -fc* pH 5- ^ 10 

# & K »*3 . 

10. *L#JJS-*- 1 *t^^^4fc^|LT^*fc^#^&^^ 



%#L4kft%J*L&mA%#] 1% - ^ 15%, JL£&£.A#fr 20t: - #j 90 
x:, frjgL&.*$n%#j 120^. 



2 



#J, -^X/f-itP C/DEDED* CEHDED. CEHD, CEHDH CEHED. ^.^.^i 

J^^iL^^ttllMHfc^, ^J^C. Rapped, u m-&.%Lm&St 
PCDDS ^ PCDFS tfit/k" , Pulp and Paper Canada, 1989. -f- -8 

-^#4*7 >t, *P (TCDF) 2, 3, 7, 8 - wjL - ^ 

&m M. 7 BOX ECF ( %J7G-£$L) TCF 

ECF TCF i>^^^.41^xt^.Jijk^>0ty — ^^u^, &itfc*tf}-%& 



/i^^*i£<fr— *-*t*£. 4Mfc**X#T-£-lfc-:k# 40"50%##W 

f^^-^, rt*t# AOX ( ^!2L*t^^r*LiL4fc.4fe ) #.-f-TH-J»i« 

* J^s^^IMb^:, t*-*»^#-#$i&> ( BOD) , 4fc# 

(COD) B#T#)»5t*#ifc^^|l^^. J.W.Graves ^, 

«.=-4MfcJUM^ fL/lM^^^&J^^&r^^tf^'' , Tappi 
Journal, 1993-^-7,3. 

Ifr&fto fey %$L> t&&®» & 

fL£tf***jfcttt***^*****.R*« M.Byrd^, a & 

JUtHb^Jfc&tiJR^**'**: it , Tappi Journal, 1992 

5~ 3 /3. 

&m J$L*> ft ft &&X4£4L-ifr;&&j:.R, 4Mt#>& 
*L, *J&# — fl*****^*. ***GTJB— 4Mb*. (ECF i#) 
( TCF ) ^-S>, 4-*! No. WO 91/18145, ^ 

B. F. Gregg 4f . 

!§)#, No. 4, 959, 124 ( Tsai ) ^JSltf ~%*1t 

(D) , (Z) > ^^(E, Eo, Ep, Eo) :fr;£*f^##L*t« 



kappa 'Sit'^i^^^^^^iiBJi^^^fL^^f 

tf). %-?r&> &Mi%&&&&7t3L%&5±k$ i ^&Lftfa#) kappa 

kappa ^t^^^^^^'f^^^lL^^^*. m^XWrtzr 
&&&&&&&&&& 

^ff JR ( DMSO) >a^^#^Tit#^^^^:^^^i-a^^^^^ 

pH i&fj 1. 5-5 

&£] 5- 10 tt&HI A. 

^4fc*JH.j»^i48t^iL>ft«lA*#* 1% - ^ 15% , il/fc»it*#& 

20X: - ^ 90t:Tilt#, ,fij&8frfil#fri& 1~ 120 JL%l&tfjft)^L% 
#J 0. 5% - ^ 4% f*j, C##J*^^ 0. 001 - #J 20% &® l*K DMSO 

M-i&gj o. ooi - ^ 8% £H rt, o. i%-#i.o%&W 

ftyZJLJ&&jffl^&#j 0.5- # 3%&Krt. ±^M^:&1-&.&2f-&t: 

3 

N ) 



*J-^;Ml«;3# S "Kappa £fc" \ 3L^&#}tklkV\ft*Lifil 

0. 1 N # KMn0 4 >£&#£:fl-£t, ^i*3tj£&JMli:&. #^M,4t^f 

RH&#r kappa ( kappa $t ( kg/t ) . 

Xt^^iC^^f , £1% kappa ^"^^tJ^^ii.i±( ZE ) 

kappa ^^^^t^^^ Tappi 

J&3f3L£ikn. &&il&% t *t&3LJe, &$Lm^ 
'Aft 6 £M-i£&mm#J&&&. 

£Sf#>M 4: ii-^^>^i§^ kappa #-4£/#T 

kappa ^-^) J^St^^i-IS: 6$ — 
(DMSO) il T^J,^-I^*J^it^^^lSJ^.4t^f^^-)5t^^^.^ 

#**.^:4t;fj. -er^^M^t^^.^-^^^^:^^. dmso it 



X'. 

^^fLi-at^^^^^J^^ ( ^^/DMSO) J*-#;i:*h##: 

^t|L4fc^^^-4t^^^^L, i**.****, ^.H**^*^"* kappa 
;ML'51*.9I. ijttf** 

a ^^^^^^^^#^>»^i^-ir^i-a^^.4t^>-^ ^ limb- 
ic. 



&¥}>&gr4ktf-- "J&**4fc^" . fate'- Gierer, 

January, 1982, Holzf orschung ( fcl&SftfL ) . 

kappa $tm&&^n*t$-& 
ftit%:% t *tmJ-$L&#} 1% - #J 15% tf^t^*^ 20^C - # 901C 

#^T2bfr, J0LMMM#j l- #] 120 frty, k&M 0. 1% - 

^ 1.0% ( ^M.&^^^i^-H- ) • ^#/DMS0 >&^#3fc>fc?3L>^;&#L 
4^ifr*i£im&t. JS^.^^^^_^#^#J#^>S.^^ — DMSO 
XiftUXgj 0.01% - ^ 8%&Kft£4fc ( yX&.$L2f&-£-§:if) , 

##J;ft# 0. 01% - ^ 20% ft. ^^^.^^V^, — 

6^^^t^. -fit pH 5- 10 il#t 

&3LW#J — ^'VLi&^t>^ J f-® 1, ^©4^ DEop ( aZE) D 
1-ft 10. ^J^^^M.^. 20iHA.t*i^^ 30, ^^iit>Vt*l^^^^ 
32, D- 34 4lTfri?~&>fc|U2 >&^. 3iJL^r^T^^^>a 

£&5&l§ 36 t*t«*»&2ML>&, ^.^^^ 
38 ^afri? ^fUfc^j^it^fc^ 64 &J&£i£;N. Eop i-g. 42 

^1&&&>&% 40 66 44 3fc)3MU&, 

^sfc. 46 ^^-^Sk 68 >&^, ii^.^#:i|t^^/DMS0>5.^^ 70, #i& 
7v>&>2l 48, 72 6$*t^. #te&#L*ti®i±tf 

74 >&^, 50 52 ( aZE) 

- . JL#l. MM^«S54 t*^. 56 58, it^. 

^ D- i^t 60 t-fr#— 76 *tS, /3fr 78 &,£3L*.£. 

T « # ^ $ BJ ^l^. fft ft : 

1 - 8: 



fc — <fc&}&rX.g:t> &$L#J kappa 9. 1, 36. 1 mPa. s, it 

55% ISO. £*fc#J K^MTM)*.*! 0.4%&&( «&.ifc**it > 
>j5tlO%^JL, 30T:, pH2. 5T*tJ&&,i&, 41^ # 1.2% NaOH£ 10 

%mj$L* eox:Tt^ 30^, Jfcj|t-if-J8it*^3fe4lr*.**-': 

#*hi£^M^T5:t#^ ( ZE) - 2-%L. 2 &m£&W 1 W 

i£#;te|s]*t3£, ^^^X|5l^-> 10% Zj^ ( . 

-W 3>&i*£;&#) 1 ;te]3#5MfT£&, ^^|Li^:t^-> 4% DMSO. 

4 1#H«, te^&fLX-Rt^ 10% 4% DMSO 

>&^4&. £;&#'J 5-8 tfiMM£;5fc#) 4;fel*), 4*^8|/DMSO>&^6$ 
#J**$£'ffc&H*J-F4L 1. 1 - 8^«»a ( ZE) - 

i£#'|±^jgL^i*j&;5t$£ ifc-SCH. &,j££(ZE) - X|£,&atf#tf kappa 

trtf} ( ZE) - 



u 






i£#44 


% ISO 


1 


( ) 


1.09 


1.28 


70.8 


2 


10% EtOH 


1.54 


1.33 


73.0 


3 


4% DMSO 


1.21 


1.65 


72.1 


4 


10% EtOH + 4%DMSO 


1.71 


1.79 


74.7 


5 


7.5% EtOH + 3%DMSO 


1.50 


1.61 


72.6 


6 


5.0% EtOH + 2%DMSO 


1.48 


1.53 


72.5 


7 


2.5% EtOH + 1%DMS0 


1.37 


1.44 


72.3 


8 


1.25% EtOH + 0.5%DMSO 


1.23 


1.37 


71.0 



^^^^(ZE) - i-Rtf&ifs fltf*#»0'*i£*«aifc*M*. £ 
y§r^, £*fc#J 1 3 6^tbi^^8^, ^AIL*ta.^-Sr*-*» DMSO * 
^i^(ZE) - x l*]N-*&-&i&-§-3&#-. £*fe#»J 1. 2, 3-5 
4^tb^^H^, ^^fL.^hJg^^i^M.^^^^gl/DMSO 

%&&^M&&ttJZLM%Vhmftm. m z^^/dmso ( ze) 

- J-J&Ltfj&L^mM- ( 75% ) &T$-$kZj£itf})%ML ( 41% ) DMSO 

( 11% ) tfj&%>, £-m#tefr&L% 52% . &mi&&&& 



m /DMSO ft fa ( 40% ) Zj&#))%jfii ( 4 

% ) i& DMSO^^f^ (29% ) , $r&&>\L)%iiv&) &**&L% 33%. 

1-4 ^i^ife, Z^W$ffo%tt&3k$k%*% 
##L^, ^ DMSO ^^,i>'^^^M.^^4fc#^^, 

( J#j£ 2. 2% ISO) *>%-&&m DMSO ( Jfii 1.3% ISO) #T#tf;fc^& 
ifii^*»;& 3.5%, l&^&ft.&^t^^^^J^^^^^^^ 0 
/^tfifciMt**:*, 3. 9%. 

£*fc#J 5- 8€4b^, m £g?/DMS0i&^4fc£&fL*tS^1fr*t^&, 
j£*t(ZE) -X.Rtf*£^> ^#'I4^^^60iSLii-frJ.>j5t^>^^^J 

4^r^^^^*^^-^T^^^#^T^:. 4**, & 

^^^.^^^^itf-^^i-a^. (ZE) - i-ftillM.*.** 
#x4£^— . £:fcfLiL>&-j5- ft dmso/^^jS. 

5t#il5iT*^**-W 9- 13*>J2l-%9!. 

^jfe-W 9- 13: 

*.J&*^-i«. + , i*.4£# kappa 9. 1, 36. 1 mPa. s, 

#55% ISO. imj&tfi^* fttfj£6*M^6. 

£*fc*l 9 &m DEopDD ECF ig^i^f, i£#X#*MjL£ XJk|fc3t 
r^^^ D- i^L^ 10%^>^> 60TCS>^. 30 

^Btl«I^^L*fpH 3.0 ( ) #3HfT2t 4r. Eop- X-giJfJ 

1. l%Na0H, 0. 5% 0 2 #» 0. 5% H 2 0 2 ( Jrif ) £ 10% 200 

kPa 90X3*2.^, 90 &4ft jL&tf f5\ pH 11. 0 ^ 

^^5.D-i^ 10%«i.. 70*Cia^, 180 ^#>SL,&Btffi**^L*f 



pH 3. 8 ( *J &4Mfc4*-Hi5r- ) 6$£-#Ti&#. J-frm tfj Vbi&m H^&til 
#-i£>ft. ifrJR Tappi #;£^>^#i&:&#:gL^;fcS% 

10;&##3£6i>^£( ZE)DEopD X^6^^— X^t^J 
ZE-X-g:^ 0.4% ( #i*,j£**it ) £ 10%^^, 30t: 
5 pH2. 5 tf)&-tf-T% t &, &%Zk$Lm 1.2% # NaOH £ 10% 60 
TC^30^4t*t#, ^-^^-^D-X^ 

Eop X.&£i?#!) 9^r^^i^^^^^^#-#T^^. 

11 $LM3% lO^IsJtfX^te&fL&S/fl &Sf7DMS0 

&^fgbi-&Ltf)4kftfc%ften, te(ZE) -x.f£##-# 
10 A£&^&J£-ifri^j&»MpT 10% &S|/4% # DMSO 

^^fc-fcl 12 ^^^^^X^^^t DEop (ZE) D X^#^6jl£# 
^ -H-X^t^^^^^ ECF ?£6X^„ it^J^Jt 10 ^i£X 

J$JL^%&ten, ^#(ZE) - x^>y.^-ji^^^^ =.J.|fc. 4r 

^i±^.^^a^-^^ io m&MWten. 

15 13^^6tX^-^^^fe^J 12 iSL4k%L% t *t&.3-1ftft&. 

^t^t ^#/dmso £;FM6x4£tM #-4tx^ist#6$ 

& 2. ^fLX-Rfl £g|/DMS0 A -^&JE.*^#>SMv 

( ZE) DEopD DEop ( ZE ) D X^# 6$^^. 

20 



# 




Z- 


£*fifc 
ISO 


** 
mPa . s 


C10 2 Jfcjfc, 

% ( 0*****1- > 


Cl0 2 /0 3 












Do 


Dl 


D2 






9 


DEopDD 




90.1 


15.4 


0.692 


0.725 


0.125 


1.542 




10 


(ZE) DEopD 


it 


90.0 


11.8 


0.381 


0. 679 




1. 060 


1.20 


11 


(ZE) DEopD 


EtOH/ 
DMSO 


90.2 


16.5 


0.381 


0. 419 




0. 800 


1.86 


12 


DEop (ZE) D 


it 


90.0 


13.5 


0.381 


0.362 




0.742 


2.00 


13 


DEop (ZE) D 


EtOH/ 
DMSO 


90.1 


18.1 


0.381 


0,102 




0.482 


2.65 
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&^jtXjMfc&#^£WS.#*^ 1.2 kg C10 2 /kg JM#&&. 
*f#>&(24%). £ — 2n&, f-3^X.&, J?>j&&*tX:& 

2 kg xfUfcJl. *b*h, *4Mfc«**tt#£ 

3 - ^ *t * H x-gtat ft ft JL iSfcat Ait & %J^&- 

1fri^&iM»t<i*/DMS0i&^#3fc#tt, ilA^£*fc#J 1-8 ( Jl 1) T 

^^^it^t. £##1 lO** 11 tfifclML'B. *-*»*i»^#^C10 a /0, 
tfJMt*^ 1.2 &4-% 1.86, ##55%, .?& &*t;fa# 28 
%. ^Ub^L-fcl 12 13 *T#J&i&!S]#tf *t* , J*S*-* , *i*>'M* 
#.C10 2 /0 3 J^>ft^-*£>33%, &^£*.ifc#,!l*#> 34% . 

M 7fcfrMZL&#3 ft T ( 11 ^ 13) Bt, ^r#^Jt 

^^.^.^^^i^x^^^^#x^^^^^.^.^#^^^ ( 

9) . ^^^-^^^.X^L^X^t^r^^XlL^^^^* 

*;M*,i^:#x;ts i£4--^#riW ecf- *ptefl$M&*x& 

ECF m&tfj-ft'&w. 

^m&ir&tett, Htf, ^^x^l(ze) 

Z^#/DMSO >^4fcpi£&&*t^^1fr, &#L*t^#4££;l£^6X^ 

#7i£— ^tH^iL^ #£;&#J 1 - 13 tti£3£r 

&m&M,*-iktf)*£^4r&&$-. 14- 17 jMJUt******: 
14 - 17: 



-%Js kappa 18.9, 28.9 

mPa. s, &&J$L% 28. 0% ISO. 14 ( ) 0. 3%&fL 

( ^j&**it ) £ 10% 30TC^ P H 2. 5 T*ti£i*j&, 

1.2% # Na0H>fc 10%^,&. 60T: T^f 30 ^4M&*tJ£, #^it*^ 
^^^b^r^.^.. i£i*§#4fc^#«#^^T#;$ ( ZE) - X^t. 

W 15iM-%£;&#'J 14 ^r^^^-^^i^^*t«» ^^lu^hiS-ir^^, 

10%#£Sf-( yZZf-^./fc'iif) . Uftm 
tfl%:fi-y%&, fe&fk&jZL&lft 4% DMSO. 17 J? & 

ifc-W 14;feHa, ^^L^^^hJS^-^i^M.^.*-^ 10% £gf/4%DMS0;&^ 

14-17 G^3MMfc(ZE) " 3-&Litl$L^*> 

(ZE) - kappa $L\k*> & JLft ^ t\ % 

( ZE) - X-$Lftj*ki&. 



# 








ISO 


14 




1.15 


1.27 j 


37.7 


15 


10% EtOH 


1.55 


1.29 


40.1 


16 


4% DMSO 


1.20 


1.65 i 


38.2 


17 


10% EtOH + 4%DMSO 


1.73 


1.81 


41.5 



14** 15 ft 
i^(ZE) -i^^^t^-, ft tfX^^^i ^fc, 
14 ^ 16 3Lm&)tt%Lj$L*n, £&&#J£^Tfrl^j&^t DMSO 
#Jt*.4£itM ZE) ^Bt^^^t-i-^:^. £*M*J 14, 

15 16 M 17 tf;4Mt«!)3, £]&$*3-&LfefoZ'&%> DMSO 

m.^m z^mfa dmso <$;i&^4*#r£:##( ze)- 3-&L*t^&i$LM 50.4 

% ) fi^^-tk&m ^Sf ( 34. 8% ) *>%-1k&m DMSO ( 4. 3% ) #r##C 
^^^>^L^39%. ]*)#, &m <L.#/DMS0 >&^^4t#& 
( 42. 5% ) it*i"£# ( 1.6% ) & DMSO ( 30% ) #-3*^*. 



ii 



m%&if#L% 31.6%. 

14-17 A, £S|*fri&4- ( ze) -x^^^t^^- 

^ DMSO il'J^^ ( ZE) -X.R#&#'1£. #i£^sM*4fciE^&>a, 

^ £#ifc>%>&Jifcii ( 2.4% ISO) DMSO ^4t#)fcj£ ( 0. 5% ISO) 

3L*>% 2. 9% ISO, fc&fa^&iL£fefaft\M&&&tt%lLfc1*>Mfk%* 
ttmfyff 3. 8% ISO. 

ft £x|S: ECF j^^x^6^^#Li|S:^-^^#/DMS0 *ti£ 
J*Lf-&;&<fc| 18-22. it#*hiS^jW:^-^^-xt|t^^.4t^^^JlJ ^# 

90 % ISO #*#&xJMbJL*.Jt*4L*. 
^afc-frl 18- 22: 

^^^JPL^^rJ&^it^^^^rX^, kappa 18.9, 

28. 9 mPa. s, JL^J$L%J 28. 0% ISO. 5 >f-jg & ^ & . 

^*fc#J 18^.^ DEopDD ECF )g&JL#, i£# JL>^,1#.£ X JLifc^t 

r&mtfjj-fr. %-v- j-$L&io%mj$L* 6ox2t§ l j$ltjzl& 30^, 

JL£f pH 3. 0 ( m&&TH-f ) . Eop- X^:^ 1. 1% 6^ NaOH> 0.5% 
# 0 2 . 0. 5%H 2 0 2 ( M$f-%L-t±it) & 10% mjSL. 200 kPa 90 
-C&J^yj^fr 90 pH % 11. 0. flx^^ =. D- X.&.& 10% #|>&, 

70t:ilL^T^ 180^, &i£pH% 3. 8 ( ^ 15r ) . 

B8 Tappi ifc . 

19 ZE)DEopD j^^X^, &% i *t J f-l±&tf%— 

( ZE) - X$l# 0. 3% ( «£S.£-^**t- ) £ 10% 30X:^ pH 

2. 5-F£j&, -gr^tf 1.2% 6$ NaOH>& 10%^^. 60X: Ti£4r 30 
^*ti©, ^it*^i§f*i£^&j&3&}!$r. ^— jfc^X D- X^:^ Eop- 

20 iS^i? 19^9^J^X^, te£&^*tJ£Bfr6j2*.j& 



12 



fa fa 10% CfcAKDMSOSfc-Mfr. ft 5 19 #T 

21 $Lm— # ECF J./fs # DEop ( ZE) D 

^^,^•1 22 ^^-^^^l) 21 ^ISJ^X^, fe&&$«*tm.1frft&.%L 
fafa 10% £,f|/4% DMSO 6$ j&X,^ t &}$rft^ 

A 4, $t$*3-&Lm £g|/DMS0 »^#^#JUfc**tt4M^lfc 
ifcjfctf (ZE) DEopD if* DEop ( ZE ) DI^i^l>'li^^^. 







Z- 


ISO 


mPa . s 


C10 2 M^* 

% ( i»JMt***|-> 


CIO2/O3 












Do 


Dl 


D2 






18 


DeopDD 




90.0 


19.9 


1.725 


0.764 


0.191 


2. 680 




19 


( ZE) DeopD 


it 


90. 1 


14.3 


1.006 


1.114 




2. 120 


1.87 


20 


(ZE) DeopD 


EtOH/ 
DMSO 


90.1 


18.5 


1.006 


0.909 




1.915 


2.55 


21 


DEop(ZE) D 


it 


90. 1 


18.8 


1.006 


0,884 




1. 890 


2.63 


22 


DEop(ZE)D 


EtOH/ 
DMSO 


90. 0 


23.9 


1.006 


0.651 




1. 657 


3.41 



18*> 19 ¥l tt$L$LW , T ECF m & J^/ttfj % -~ 

**4*.**ft l^f&~^fcJL6$^> 1.87 kg C10 2 /kg 

^*t^#Ufclltf^^#*^-&it*. 18 21 *4*b*t4LW» ^ 

^-JL^t^T^^^ kg $k%^K^#J 2.63 kg~&4fciu A.*K 

& |L J. «L *. # W 5. 2SL-M- * T 5i.it £ & %*0L& fa 4t 
£*#/DMS0 j&^*JtS!l. il^^^^i 14-17 ^"^Tfrit* 

tb. ^^-^^ii**t^-^#^#^^^it^t. 19 



13 



-#-36%, 4*. 1.87 *t#J 2. 55, Jh&.$L&}$L%r &A#J*gfa 29% . >t|£ 

^^ii 21 ^ 22 ^&m.mfttfM.fi,&*&mfcfrffl&&%ii&cio 2 /o 3 

JM*+**» 30%, 27%. 



14 



ift m =& s 




1 



